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DEPTH ESTIMATION FOR ORDINARY HIGH WATER OF STREAMS IN THE 

MOBILE DISTRICT OF THE U.S. ARMY CORPS OF ENGINEERS, 

ALABAMA AND ADJACENT STATES

By Joe R. Harkins and Mark E. Green

ABSTRACT

The 25 percent streamflow duration and corresponding depth were selected to 

represent ordinary high water. Statistical relations of 25 percent flow duration 

depth to eight basin parameters were analyzed using a stepwise linear regression 

procedure.

A procedure for estimating "ordinary high water" depth was derived using one 

independent variable drainage area size. Two equations were derived; the standard 

error of estimate of the equation for hydrologic area 1, the Appalachian Plateaus, 

is 26 percent and for area 2, the Coastal Plains province, is 39 percent. The 

equations apply where the stream channels or streamflow is not significantly 

altered by man's activities.

INTRODUCTION

The U.S. Army Corps of Engineers requested the U.S. Geological Survey, by an 

interagency agreement, to devise a method for estimating "ordinary high water" 

elevations for streams in the Mobile District of the U.S. Army Corps of Engineers. 

Ordinary high water elevations are needed by the Corps of Engineers to fulfill 

their regulatory responsibilities under section 404 of the Federal Water Pollution 

Control Act. "Ordinary high water mark" is defined as the "25% inundation factor" 

in the Federal Register, Tuesday, July 19, 1977, Part II, Regulatory Program of 

the Corps of Engineers. The 25 percent flow duration (daily flow exceeded 25 

percent of the time on the average) is used as the "25% inundation factor" to



include those areas where water will be present with predictable regularity. 

This flow is higher than average flow but is within-bank flow conditions.

Units of Measurement

Inch-pound units

inch

foot (ft)

mile (mi)

square mile (mi2 )

cubic foot per second 
(ft3/s)

Conversion 
factor

2.54

0.3048

1.609

2.590

0.02832

Metric units

Millimeter (mm)

meter (m)

kilometer (km)

square kilometer

cubic meter per 
(m3/s)

(km2 )

second

Multiply inch-pound values by conversion factor to obtain metric values.

METHOD OF COMPUTATION OF STREAM DEPTH USED

FOR MODEL INPUT

Streamflow and stage records for 226 gaging stations having 10 or more years 

of continuous record of discharge on streams with natural channels draining from 

0.98 to 6,600 square miles were used to determine stream depth. Records for 

stations subject to regulation of flow or regulation of water-surface elevation 

were not used. The 25 percent flow duration discharge was determined using daily 

flow values for each station. The rating curve (stage-discharge relation) and 

the stage of the stream bottom (stage of zero flow) at the gaging station control 

were used to determine the depth of water for the 25 percent flow duration. This 

depth was used as the dependent variable in the regression analyses.

REGRESSION ANALYSES

The Statistical Analysis System (SAS) stepwise regression procedure using

2 the maximum R improvement (MAXR) technique, developed by James H. Goodnight

(Barr and others, 1979), was selected to analyze the dependence of the ordinary 

high water depth (DEPH25) on eight parameters for 226 gaging stations treating



the district as a homogeneous unit. Parameters used are as follows: 

A Drainage area, in square miles 

S Main channel slope, in feet per mile 

L Main channel length, in miles

E Mean basin elevation, in feet, National Geodetic Vertical Datum of 1929 

St Storage factor based on area of lakes and ponds, in percent of contributing

drainage area

F Forest cover, in percent of contributing drainage area 

Si Soils index

P Mean annual precipitation, in inches

The MAXR technique also provides a series of regression equations showing the 

"best" one-variable equation, the "best" two-variable equation, and so forth up 

to the "best" n-variable equation, where n is the number of independent variables.

Variables are added to the regression equation in a stepwise manner that produces

2 a maximum value of R , the multiple regression coefficient.

A regression analysis was made for unregulated streams in the Mobile District 

using the following model:

log DEPH25 = log C + B0 log KX + BI log X2 + ... + Bn_ 1 log ^ 

where DEPH25 is the dependent variable,

log C is a regression constant,

B0 ... Bn_i are the regression coefficients, and 

X^ ... X are the independent variables. 

The linear form can then be converted to tae power-form equation,

DEPH25 = CCX^QXX^l) ... (X^n-1).

The standard error of estimate, a measure of the accuracy of an equation, 

was not significantly reduced when more than one independent variable was con 

sidered in the model. Therefore, the general model proposed is of the form,

DEPH25 = CXB .



The "best" one-variable equation derived from the regression analyses had drainage 

area as the independent variable.

The District was then divided into two hydrologic areas (fig. 1) to attempt 

to reduce the standard error of estimate. The division was made to group data 

according to differences in geomorphology of the Appalachian Plateaus and the 

Coastal Plain physiographic provinces. The regression equations derived for the 

areas using the same techniques as used for the entire district are as follows:

Hydro- 
logic 
area

1

2

Equation

DEPH25 = 0.48A0 ' 33

DEPH25 = 0.45A0 ' 38

Correlation 
coefficient 

R

0.88

0.81

Standard error 
of estimate 
in percent

+ 26

+ 39

Sample 
size 
(n)

79

147

where DEPH25 = stream depth at ordinary high water, in feet

A = drainage area, in square miles.

The regression coefficients and equations used are significant at the 5 percent 

level.

An analysis of covariance at the 5 percent level of significance showed 

there was a significant difference between the equation derived for the entire 

District and the two equations listed above. Therefore, the two equations listed 

above are used for the District.

Logarithmic plots of regression residuals versus the independent variable 

drainage area and residuals versus the dependent variable DEPH25 apparently have 

constant variance throughout the range of variable values used in the analyses. 

The logarithmic plot of DEPH25 versus drainage area provided a graph showing an 

apparent straight line relationship. A map showing residuals at gaging station 

locations did not show any apparent regional bias within the areas. The assump 

tions of linear regression appear to have been satisfied in the analyses.

Drainage areas of gaging stations used in the regression analyses for hydro-

o 
logic area 1 ranged from 0.98 to 990 mi while those in hydrologic area 2 ranged
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o
from 3.25 to 6,600 mi . These and selected parameters are given in supplementary 

data tables 1 and 2. The validity of the equations applies only to the range of 

drainage areas used in the analyses. Serious errors could be introduced to the 

estimate if the equations are extended beyond these ranges.

A partial analysis of sensitivity of the regression equations was performed 

on the independent variable, drainage area. A 10 percent error in computing 

drainage area was found to produce an error of less than 4 percent in the ordinary 

high water depth estimate.

APPLICATION OF ESTIMATING METHOD

The estimating method consists of regression equations using one independent 

variable, drainage area. The method can be used to estimate the depth of ordinary 

high water at any point on a stream except on those streams where man's activities 

have altered either the water-surface elevation or streamflow.

The procedure for estimating ordinary high water elevation using this method 

is as follows:

Step 1. Determine if the stream or its drainage basin is affected by man's

activities or has natural conditions. If the stream at the point of 

interest has natural conditions, proceed to step 2. If the stream 

is significantly altered by man's activities, select alternate methods 

for estimating ordinary high water elevations. 

Step 2. Select from figure 1 the equation for use according to the location

of the point of interest.

Step 3. Determine the drainage area at the point of interest. 

Step 4. Using the drainage area computed (step^3) and the equation selected

(step 2), compute the depth of water for ordinary high water. 

If the elevation of ordinary high water is required, proceed to steps 5 and 6.

Step 5. Select the stream water-surface control location downstream from the



site of interest and determine the streambed elevation by on site 

surveys.

Step 6. Add the depth of water computed in step 4 to the elevation determined 

in step 5 to obtain the elevation of ordinary high water. If the 

point of interest is a great distance upstream, correct for slope of 

water surface.

Ordinary high water for streams affected significantly by man's activities 

cannot be estimated using this method. Ordinary high water for streams where the 

water surface and discharge are regulated require knowledge of storage, discharge 

patterns, stream profiles, and so forth. Generally, these are streams having 

large drainage areas. Many of these streams have reservoirs; however, water- 

surface elevation and flow data for these reservoirs and dams are available.

SELECTED REFERENCES 

Barr, A. J., Goodnight, J. H., Sail, J. P., Blair, W. H., and Chilko, D. M., 1979,

SAS User's guide: SAS Institute, Inc., 494 p. 

Draper, Norman, and Smith, Harry, 1966, Applied regression analysis: John Wiley

& Sons, Inc., 407 p. 

Zar, Jerrold H., 1974, Biostatistical analysis: Prentice-Hall, Inc., 620 p.
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